Interaction of the N-terminal region of hirudin with the active-site cleft of thrombin.
Site-specific substitutions of the first five amino acids of the thrombin inhibitor hirudin have been made and the effects of these substitutions on the kinetics of formation of the thrombin-hirudin complex evaluated. The effects of different substitutions of Val1 indicate that nonpolar interactions play a major role in the binding of this residue. In the second position (Val2), polar amino acids were better accommodated than in the first. The mutant with arginine in the second position bound particularly well to thrombin; its dissociation constant was 9-fold lower than that of wild-type recombinant hirudin. Comparison of the effects of single and double mutations involving Val1 and Val2 indicates that there was no cooperativity in the binding of these two residues. Elimination of the hydrophobic interactions made by the aromatic ring of Tyr3 of hirudin resulted in a large loss of binding energy (12.7 kJ mol-1). Replacement of Thr4 of hirudin by serine and alanine suggested that both the gamma-methyl and the hydroxyl group of the threonine were important in the stabilization of the thrombin-hirudin complex. Replacement of Asp5 of hirudin by alanine and glutamate caused about the same loss in binding energy (5 kJ mol-1). The effects of site-specific substitutions are discussed in terms of the crystal structure of the thrombin-hirudin complex. Molecular modeling provided plausible explanations for many of the observed effects. For instance, such studies suggested that the improved binding of the mutant with arginine in the second position could be due to an interaction of the arginine with the primary specificity pocket.